The article is devoted to the development and research of a flow laboratory bench model based on highprecision measuring instruments "KROHNE". The following instruments were used: electromagnetic flowmeter ALTOFLUX IFM 5080 K, mass meter Korimass 10G + MFM 4085 K/F, electromagnetic flow rate meter DWM 2000. Highly intelligent instruments allow more accurate selection of the necessary amount of raw materials and other initial components, also maintain process parameters, and maintain pressure, level, and temperature at a set level. This makes it possible to increase the yield of final products, to reduce the amount of produced waste, to reduce waste disposal costs and to reduce energy costs thanks to more precise process run. The conducted studies with uncontrolled and controlled drives depending on the power consumption, which depends on the flow, have shown that it is possible to obtain power savings from 34% to 75%.
I. INTRODUCTION
The total fleet of instruments measuring flow and liquid amount in recent years has increased significantly due to the wide use of flow meters -counters of various types for the commercial metering of energy resources (water, heat) and technological metering of liquids in in-plant process automation systems [1] . Whatever these instruments are, it is mandatory for them to perform initial verification during production and periodical verification or calibration during operation, i.e. metrological diagnostics [8] .
The verification procedure for flowmeters-counters includes reproduction of a liquid flow over a wide range of flow rates, measurement of flow parameters by a reference measuring instruments, and processing of the results [2] . With a large number of instruments, verification becomes so laborious that the question of increasing the efficiency of verification work and ensuring the reliability of verification results of measuring instruments arises.
The use of automated verification plants is the optimal solution to this problem. Experience in the use of such plants has been accumulating for more than two decades, but to date, there are no specific requirements that an automated verification plant should meet [2] .
Based on production experience and operation of the plants, it is possible to state the following basic requirements for testing plants:
• verification of flow meters with output signals 0-10V, 0(4) -5 (20) mA, 0-20000 Hz, RS 232 (485), "dry contact", "open collector", photoelectronic reading of signals from devices "star"; with a visual reading of parameters;
• modes of verification by calibration -"start-stop from rest" and "start-stop from run", "start-stop" according to visual indications;
• maximum degree of automation to improve plant performance, to ensure its self-testing;
• ability to verify all built-in reference measuring instruments without removing them from the field;
• accuracy class of the plants not less than 0.05 % (in the future -0.03 %);
• two methods of verificationvolumetric and weight;
• availability of a system for ripple smoothing of a flow and for deaeration of water;
• the possibility of creating pressure in a pipeline provided by the verification methods for the instruments to be tested;
• control of temperature and pressure in the laboratory measuring pipeline of the plant, the introduction of appropriate corrections when calibrating the reference flow meters to take into account the effect of air removal, taking into account the aeration of the water used in the plant;
• stabilization of verification flow rates with a given error;
• restricting access to software of the plant;
• permanent water treatment system for removing various impurities from water;
• metal structures of corrosion-resistant materials;
• use of economical low-noise circulation pumps;
• use of frequency converters with radio frequency interference filters and line chokes;
• use of devices for signaling and protective shutdown in emergency situations.
These requirements for flow verification plants are mostly necessary and are taken into account during design and production, but require periodic amendments based on the results of operation, verification, and round-robin comparison of the plants. Only after this it can be expected that the plants of different manufacturers will give the same results when verifying the same device.
II. PROBLEM DEFINITION
The modern market of measuring instruments is developing very dynamically, but the focused specialization of this market leads to a lack of complete information on modern measuring instruments and automation equipment available to end users.
Until now, during verification, you have to work with flow lab benches that are static, in addition with obsolete devices, and automation systems on them are practically absent or very poorly developed. In this respect, there was a need to create this plant [3] .
In this project it is proposed to develop a dynamic flow lab bench. This became possible after the selection and introduction of highly intelligent devices of company "KROHNE" for more accurate verification work, in particular with the Coriolis flowmeter which has an accuracy class of 0.1 (0.1% error by mass) and a frequency-controlled drive for controlling the water pump with the possibility of stabilizing the water pressure in the system. Also, an automated control system based on the SCADA system was developed for the control of the laboratory bench.
III. DESCRIPTION AND USE OF HIGHLY INTELLIGENT

INSTRUMENTS
Highly intelligent instruments allow more accurate selection of the necessary amount of raw materials and other components, as well as to run the process more accurately. This makes it possible to increase the output of quality final products, reduce production waste, reduce waste disposal costs and reduce energy costs due to more precise run of the process [4].
The study of the basics and training modern automation and control means allows to eliminate the lack of information in the field of new highly intelligent instrumentation and the effective use of a frequency-controlled drive [5] .
Due to increased production efficiency, maintenance is simplified, the payback period of the innovations is reduced to 12 months, simultaneously the quality of the technological process is increased and the calibration interval is increased. The advantage is also that this lab bench can be used by both students and teachers for educational purposes and, ultimately (after certification), for conducting verification work.
IV. THE DESCRIPTION OF THE DEVELOPED DYNAMIC FLOW LABORATORY BENCH MODEL ON THE FREQUENCY CONVERTER
The basis of the lab bench is a frequency converter which is a special electronic device through which the induction motor is controlled. At the converter output a corresponding electrical voltage is generated having a variable amplitude and frequency, while the name itself of such devices is due to the fact that the speed control of the motor is realized by changing the frequency of the voltage applied to the motor.
The change in frequency and amplitude of the voltage which is supplied from the converter to the motor windings provides extremely smooth control of the rotation speed. A strong change in frequency ultimately leads to a slight deviation from the calculated value of the starting and maximum motor torques, as well as the power factor and efficiency factor. It is for this reason that frequency change technology is used to maintain specific performance characteristics simultaneously with changes in voltage amplitude.
In presence of a constant overload capability, the nominal power factor and the overall efficiency of the motor practically does not change over the entire frequency control range.
Vector control is more relevant for high-speed drives which can significantly reduce the range of control, as well as the accuracy of control, although it should be said that the implementation of vector control is more expensive. With the help of vector control, the possibility of an extremely rapid change in torque is provided.
V. ADVANTAGES OF FREQUENCY CONVERTERS AND HIS
CHOICE
Thus, with the help of frequency converters the following is ensured:
• soft start without increased current or hydraulic shock, as well as a simple and soft setting of the motor speed;
• full protection of the drive against overloads, overheating, any breakage and other;
• smooth control of rotation speed almost from zero to the required value;
• creation of completely closed systems capable to precisely maintain certain parameters;
• increasing the effective life of the motor;
• operational reliability and durability of such devices, as well as its extremely simple maintenance.
Control of the frequency converter is carried out from a remote or built-in control panel, as well as using various external signals. The latter type provides the use of a set analog signal and the commands are given by special digital signals.
Often, the power of the frequency converters is chosen to match the power of the motor, but you need to understand the fact that this rule is relevant for equipment with a nominal number of revolutions per minute. When using any other motors or in certain special situations, the choice of the frequency converter must be in full accordance with the nominal output current [6] .
Induction motor with squirrel-cage rotor today is the most popular and reliable device for driving various machines and mechanisms. But there's always the flip side of every coin.
The two main disadvantages of an induction motor are the impossibility of a simple adjustment of the rotor speed, a very high starting currentfive/seven times exceeding the rated current. If only mechanical control devices are used,
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these drawbacks lead to large energy losses and to shock mechanical loads. This has a very negative effect on the service life of the equipment.
As a result of research in this direction, a new class of instruments was created, which made it possible to solve these problems not mechanically, but electronically.
The frequency converter reduces starting currents 4-5 times. It provides a soft start of the induction motor and controls the drive according to a given voltage/frequency ratio formula [7] .
VI. ADVANTAGES OF THE DEVELOPED BENCH
The main advantage of this laboratory is that:
• with the help of frequency-controlled drive it is possible to smoothly change the water flow within the set limits using software or manually;
• the readings of the tested instruments are compared with the readings of a reference instrument visually and with the help of automatic recorders.
It is also possible to use the classic wet calibration method (water flow from one tank to another under static pressure).
The lab bench allows to carry out laboratory works for students of departments where in educational programs on various subjects the automation and control equipment (electric drive and actuators, process measurements and devices, automation equipment, etc.) are studied.
The variable-frequency drive provides a number of significant advantages, such as:
• energy saving;
• saving the pumped media;
• reduction of operating costs;
• improving the quality of production;
• a source of information and a component of modern control systems for technological and production processes.
The share of energy consumption in the production cost ranges from 5% to 30% depending on the type of production.
Most of the production plants in almost all industries and municipal services technologically are powered by electric motors, using up to 65% of all consumed electricity.
Primarily, these are:
• pumping and fan plants;
• agitators;
• mixers;
• dosing devices;
• feeders;
• transportation systems;
• as well as other mechanisms.
As a rule, electric drives with a large power margin are used to provide peak loads, while the peak loads are 15-20% of the total operating time which leads to a low efficiency of electricity use -up to 40%.
Equipping them with frequency-controlled electric drives instead of uncontrolled or currently used mechanical and hydraulic devices (variators, hydraulic drives, turbo couplings and induction slip clutches) can significantly reduce power consumption. According to experts, energy saving through the introduction of frequency-controlled electric drives is: 
VII. STUDIES BASED DYNAMIC FLOW LABORATORY BENCH
The installation which is a dynamic flow laboratory bench includes:
• water feed device: electric pump;
• water storage and preparation system: tank of 50 liters;
• piping: measuring section, set of adjustment devices and flange connections.
• Instruments:
• electromagnetic flowmeter;
• mass flowmeter;
• electromagnetic flow rate meter;
• pressure gauge;
• ampere-meter;
• frequency converter Altivar 312;
• centrifugal electric pump Х14-22М.
A number of studies related to the introduction of a frequency-controlled drive in comparison with an uncontrolled drive were carried out on the model of a dynamic laboratory bench. The corresponding instrument readings were taken: the output frequency of the automatic voltage inverter, the consumed current, the supply voltage, and the flow rates of electromagnetic and mass flowmeters [9] [10] [11] .
When using an uncontrolled drive, the amount of electricity consumed from the power network does not depend on the amount of liquid pumped by the pump [13] [14] [15] . The flow and pressure are in inverse proportion, i.e, when the flow rate increases, the pressure drops, which leads to an insufficient amount of water supplied to the consumer. As the flow decreases, the pressure increases, which can lead to a rupture of the pipeline or breakout of the sealing connections.
Let us set the supply frequency of 50 Hz on the frequency converter. The frequency will not change during the time. To adjust the water flow rate, we will use a manual valve. With
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the valve fully closed, the pressure in the pipeline is maximal (400 Pa).
We begin to open the valve smoothly. The pressure will be monitored by the pressure gauge, and the flow rate is measured by the flowmeters [12] . It is almost impossible to adjust the flow with the help of a control valve. Therefore, we try to slightly turn the control valve and register the flow and pressure.
All changes will be made every 5 seconds. The valve will be turned through a protractor every 6 degrees. The frequency and the current remain unchanged.
As it can be seen on the graph, the dependence of a turn of the control valve and the flows is nonlinear. In the initial stage, the dependence has a steeper graph, in the middle part with a less steepness, and in the final part a mildly sloping graph. This can be explained by the following: with a fully closed valve, the pressure in the system is maximal. Even a small turn of the control valve causes a sharp change in flow (steep -the initial stage of the graph). In the middle part, the dependence of flow on the turn of the valve decreases (middle -less steep part of the graph). In the final part, the dependence of consumption on the turn of the valve is minimal. The pressure in the system varies according to the same law as the flow. In the initial stage the line is steeper, in the middle less steep, and in the final mildly sloping. The graph clearly demonstrates the following:
• the frequency in power network is constant -50 Hz, and the power consumed from the network remains unchanged;
• flow and pressure are inversely proportional.
In the absence of a flow, the pressure in the system is maximal, as the flow rate increases, the pressure in the system drops. Thus, in order to improve the control parameters, correction factors of the controllers are needed, which equalize the dependence of flow on pressure and on the turn of the control valve. All this complicates the operation of the automatic control system.
The remaining question was how and using what the frequency of the supply network is to be controlled [23] [24] [25] [26] . At that time, tube frequency converters were developed which did not gain a widespread use. Everything has changed with the invention of power transistor switches. This type of instrument was invented in the early 1980s and was called the power transistor switch (TS). The autonomous voltage inverter (AVI) based on TS has received the greatest distribution due to its low cost in manufacturing and ease of operation.
When using such a frequency-controlled drive, it is possible to maintain a stable either system pressure, or the flow.
In our lab bench we use a variable frequency drive to change the flow rate of the fluid being pumped. The obtained graphs make it possible to clearly see its high efficiency and economy.
To create a complete picture, the calculation of power consumption from the network and the number of revolutions of the pump shaft, the flow of electromagnetic and mass flowmeters were made.
The frequency of the automatic voltage inverter has changed selectively. At low frequencies, the flow rate also changed little. In the ranges: 35-36 Hz, 45-46 Hz, 55-56 Hz, a resolution of 0.1 Hz is chosen to demonstrate a smooth flow control (1-2 l/h, with a scale of 0-330 l/h).
After starting the engine at a frequency of 20 Hz, we began to gradually change the frequency up to 60 Hz. In three ranges: 35-36 Hz, 45-46 Hz, 55-56 Hz (Fig. 2 ) took the frequency up to 0.1 Hz and plotted the frequency-time graph. As a result, it can be seen that the frequency varies smoothly with time. The starting frequency of 20 Hz is selected due to the fact that at lower revolutions of the pump shaft there is not enough centrifugal force to ensure its operation. The maximum frequency output by the frequency converter is 60 Hz. Thus (60 Hz -20 Hz) / 0,1 = 400. The entire control range (from minimum to maximum) is divided into 400 stationary points. Having a maximum flow rate of 330 l/h / 400 = 0.8 l/h. The controlling accuracy is 0.8 l/h with a maximum scale of 330 l/h. The graph (Fig. 3) clearly shows that the power consumption is directly proportional to the frequency of the supply network. Explanation to the graph: due to the fact that the ampere-meter has an accuracy of 0.01 A, it is not possible to register values from 0.001 and higher.
Thus, the developed model of the dynamic flow lab bench for demonstrating the capabilities of a frequencycontrolled converter based on the Altivar-312 and the electric pump X14-22M fully corresponds to the set Advances in Intelligent Systems Research, volume 166 Fig. 3 . Power-frequency graph.
VIII. ANALYSIS OF UNCONTROLLED AND CONTROLLED DRIVERS
OPERATION
With an uncontrolled drive, the question of carefully selecting the diameters of actuators' throttling devices arises, which is a very complex and expensive task [16] [17] [18] . It is necessary to select the shape of a plunger of the throttling device. A selection of pressure controllers before and after the throttling device is necessary to prevent a flow jump when the position of the throttling device changes.
When using a frequency-controlled drive, its frequency and flow rate are in a linear relationship. There is no need to install expensive actuators with piping and pressure controllers therein. High resolution allows smooth adjustment of a parameter. All this facilitates the development of an optimal automatic control system [19] [20] [21] [22] [23] . In industrial production, the use of a variable-frequency drive instead of an uncontrolled drive results in savings of electrical energy of up to 30-35%. This is due to the need to use non-controlled pumps of higher power than necessary for pumping according to process needs. For example, it is necessary to pump 60 l/h of water. Pump is always taken with a margin, for example, with a capacity of 100 liters per hour, so that if necessary, in case of unforeseen situations, the pump can guarantee the required flow. To combine two or more different quantities on a graph, these must be converted into percentages. This is what was done (Fig. 4) . In this case, the pump will take the rated power from the supply network, regardless of pumped liquid flow rate. When using a frequency-controlled drive, the flow and power are directly proportional.
In the case of uncontrolled drive, the current consumed is 0.49 A (the maximum current consumption when using the variable frequency drive), and does not depend on the flow rate of the pumped liquid. Fig. 5 . Dependence of the current consumed by the electric drive in the uncontrolled and frequency-controlled operating modes.
In the frequency-controlled drive, the consumed current is directly proportional to the flow rate of the pumped liquid. So in the initial stage, the uncontrolled drive has a current consumption of 0.49 A. And for the controlled is 0.12 A. The savings are 0.37 A. In the middle of the graph, the uncontrolled drive has a consumed current of 0.49 A, and for the controlled 0.32 A. The savings is 0.17 A. In the final part, with a maximum consumption, the values are the same -0.49 A.
In case of uncontrolled drive, the power consumption is 107.8 W (maximum power consumption when using the variable frequency drive) and does not depend on the flow rate of the pumped liquid. In the frequency-controlled drive, the power consumption is directly proportional to the flow rate of the pumped liquid. So in the initial stage, the uncontrolled drive has a power consumption of 107.8 W. And of the controlled is 26.4 W. Saving is 81.4 W. That corresponds to 75% of the power consumption. In the middle of the graph, the uncontrolled drive has a power output of 107.8 W, and the controlled is 70.4 W. The savings is 37.4 W. That corresponds to 34% of the power consumption. In the final part, with a maximum consumption of power the values are the same of 107.8 W. Thus, comparing the uncontrolled and controlled drives depending on the power consumption, which depends on the flow, it is possible to obtain power savings from 34% to 75%.
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IX. CONCLUSIONS
The lab bench allows to clearly see the need to use a frequency-controlled drive instead of uncontrolled drive and the associated saving in electrical energy. One can also compare the operation of the controlled and uncontrolled drives.
In modern industrial production, more than 60% of all generated electrical energy is used to drive induction squirrel-cage drives used in pumps and fans. Using the frequency-controlled drive instead of uncontrolled one, you can save more than 20% of all generated electrical energy (60 x 35% = 21%).
